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doi:10.1016/j.jmu.2012.04.004Vasculitis is an autoimmune disease that is characterized by vascular wall inflammation, result-
ing in an inflamed arterial wall that is swollen and a narrow lumen. Ultrasonography has been
proposed as a valuable tool for the evaluation of vasculitic disorders, particularly large-vessel
vasculitides. There are three typical ultrasonic findings related to inflamed arteries: 1) the
intimal edema forms a hypoechoic ring at the periphery of the lumen, i.e., the “halo sign”;
2) lumen stenosis; and/or 3) occlusion. When lumen stenosis is present, the velocity of the
systolic blood flow increases. Color Doppler ultrasonography can show the persistence of color
signals during the diastolic phase, and the mixture of colors (i.e., aliasing phenomenon) at the
post-stenotic site. When the lumen is totally occluded, no color signal can be detected.
Temporal arteritis has been widely studied using ultrasonography in patients who present with
both typical symptoms and ultrasonic findings such as the halo sign, and a diagnosis of temporal
arteritis can be made with a specificity of 99.5%. Ultrasonography can also be used to detect
articular and periarticular involvement in various forms of vasculitis. In this report, we review
the role of ultrasonography for the assessment of large-vessel vasculitides.
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Vasculitis is an autoimmune disease that is characterized by
vascular wall inflammation. Vasculitides can be noted as
primary or secondary according to their etiology. Primary
vasculitides are further divided into three subgroups: small-
vessel, medium-vessel, and large-vessel vasculitides based
on the size of the involved vessels [1]. Large-vessel vascu-
litides involve the aorta and the main branches directed
toward the major body regions (e.g., the extremities andof Ultrasound in Medicine. Open access under CC BY-NC-ND license.
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visceral arteries (e.g., renal, mesenteric, and coronary
arteries); and small-vessel vasculitides involve the venules,
capillaries, and arterioles [1].
Ultrasonography (US) has been widely used in clinical
evaluation and research on rheumatic diseases in the past
years [2]. However, only a few studies have focused on the
role of US in the evaluation of vasculitides [3e10]. US
provides indirect evidence of pleural effusion, pericarditis,
nephritis, and splenic infarction for the diagnosis of small-
and medium-vessel vasculitides [11,12]. For large-vessel
vasculitides, US can identify the diagnostic imaging signs
and monitor the progression of the disease [3]. In the
present report, we describe the ultrasonic findings related
to large-vessel vasculitides.Giant cell arteritis
Giant cell arteritis, also known as temporal arteritis, occurs
in the elderly people > 50 years of age. About 70% of these
patients present with a history of headaches in temporal
area, while > 60% present with temporal artery swelling
and tenderness [13]. Temporal artery pulsation is usually
decreased in these patients. About 37% of these patients
also manifest with jaw claudication, and 30% manifest with
eye involvement, most especially ischemic optic neurop-
athy [14]. About 85% of patients have an erythrocyte sedi-
mentation rate (ESR) of > 50 mm/hour, and nearly 85% have
abnormal histological findings on temporal artery biopsyFig. 1 A 79-year-old man with temporal arteritis. (A) Longitudina
temporal artery showing wall thickening (arrow in A) that resulted
ultrasonography showing intima edema that formed a hypoechoic[14], which remains as the gold standard for diagnosis of
giant cell arteritis.
A high-quality ultrasonographic machine equipped with
the high-frequency (> 8 MHz) linear probe is required for
the examination of the temporal artery. Both longitudinal
and transverse scans of the vessel are usually needed. Color
Doppler ultrasound (CDUS) is particularly valuable for the
diagnosis of giant cell arteritis, demonstrating a sensitivity
of 87% and a specificity of 96% [4] if the pulse repetition
frequency is set to 2.0e2.5 KHz. For the examination of the
temporal artery, the sonographer should be well qualified
[15,16]. Furthermore, US can help localize the optimal site
for temporal artery biopsy.
Pathologically, the inflamed artery typically exhibits
three features: intimal edema, lumen stenosis, and/or
occlusion. The intimal edema forms a hypoechoic ring along
the periphery of the lumen, which is known as the “halo
sign” (Fig. 1). The halo sign usually demonstrates a skipped
distribution along the whole artery, but it could also be
segmentally localized within the artery. After the initiation
of corticosteroid therapy, the halo sign could disappear
within 2e3 weeks. A diagnosis of temporal arteritis can be
made if the patient has both typical symptoms and ultra-
sonic findings such as the halo sign [6].
A normal temporal artery has a lumen dimension of
1.70 0.35 mm [7], the frontal and parietal branches have
dimensions of 0.7e0.8 mm. The average wall thickness
(including the temporal fascia) of the frontal and parietal
branches of a normal temporal artery is 0.71 0.13 mm [7].
The mean maximal blood flow velocity of the temporall gray-scale and (B) power Doppler ultrasonography of the left
in stenosis. (C) Transverse gray-scale and (D) power Doppler
area (arrow in C) in the periphery of the lumen (halo sign).
74 K.-L. Lai et al.artery during systole is normally 50e60 cm/second [7]. In
the case of lumen stenosis, the velocity of the systolic
blood flow increases; on CDUS, persistent color signals can
also be demonstrated during diastole, and alternating
colors (i.e., the aliasing phenomenon) can be visualized
during the post-stenotic portion [16]. If the lumen is totally
occluded, then no color signal can be detected [4].
In giant cell arteritis, the axillary, facial, occipital,
vertebral, subclavian, and/or the carotid artery may be
also involved [17]; on examination, these arteries should be
examined. If claudication of the lower limb and pulseless
pedal artery are present, the scanning sites should be
extended to the pedal artery and popliteal artery.
In comparison with clinical diagnosis, duplex US (dUS)
has a sensitivity of 87% and a specificity of 96%, as reported
in a meta-analysis of 23 studies that involved a total of 2036
patients by Karassa et al in 2005 [4]. The results of temporal
artery US are consistent with that of contrast-enhanced
magnetic resonance imaging (MRI) [8].
Large-vessel giant cell arteritis
Large-vessel giant cell arteritis, a subtype of giant cell
arteritis, characteristically involves the arteries in the
proximal arms, such as the axillary arteries [18]. Only some
patients with large-vessel giant cell arteritis have temporal
artery inflammation; in fact, only 60%haveabnormal findings
on temporal artery histology and/or US [9]. An intima-media
thickness of the axillary artery > 1 mm may indicate large-
vessel giant cell arteritis. The diagnosis of large-vessel
giant cell arteritis can be made if the hypoechoic vessel
wall is > 1.5 mm in thickness [9,10,19]. Ultrasonic exami-
nation of the axillary artery is recommended for patients
suspected of giant cell arteritis, polymyalgia rheumatica, or
arm claudication with a fever of unknown etiology.
Polymyalgia rheumatica
Polymyalgia rheumatica (PMR) is an inflammatory syndrome
that presents as intense muscle pain and stiffness in theFig. 2 A 52-year-old woman with polymyalgia rheumatica suffer
the anterior aspect of the right shoulder showing subacromial-subde
the biceps showing tendon sheath effusion (*). D: deltoid muscle;shoulder and pelvic girdle. Mild synovial and periarticular
inflammation of the proximal joints may be present in some
patients [20]. A vigorous acute-phase response is charac-
teristic of PMR [21]. Most patients with PMR demonstrate
a good response to corticosteroid therapy [20].
The ultrasonic findings of PMR include bursa effusion,
tendon sheath effusion, joint effusion, and enthesopathy.
Untreated patients with recent onset of PMR demonstrate
evidence of at least one inflamed joint on imaging studies,
including US, MRI, and/or scintigraphy [22e25]. The
shoulders are the most common site of joint involvement.
Subacromial-subdeltoid bursitis (Fig. 2), tenosynovitis of
the long head of biceps, and glenohumeral joint effusion
occur in about 70% of these patients [26]. Joint effusion can
be also detected in the hips, knees, and wrists with prev-
alences of 40%, 38%, and 18%, respectively [26]. Tenosyn-
ovitis sometimes presents in the extensor and flexor
tendons of the wrist and the extensor tendons, posterior
tibial tendon, and peroneus tendons of the ankle.
Both US and MRI can effectively detect the typical
manifestations of PMR: namely, bilateral subacromial-
subdeltoid bursitis [27]. US and MRI reveal trochanteric
bursitis in 100% of PMR patients with pelvic girdle pain.
Trochanteric bursitis is the most common hip pathology in
PMR patients, and it usually presents bilaterally [28]. A few
PMR patients have concomitant temporal arteritis, and
10e15% of PMR patients have axillary arteritis [9]. The
ultrasonic features of PMR are valuable for the differential
diagnosis. US of the shoulder and hip have been proposed as
new criteria for the diagnosis of PMR [29].Takayasu’s arteritis
Takayasu’s arteritis, which mainly involves the aorta and its
branches, usually occurs in patients < 40 years old. The
most common presenting symptoms include claudication,
headaches, dizziness, syncope, visual changes, and car-
otidynia. Physical examination may show hypertension,
bruits, absent pulses, and asymmetric blood pressure
between the extremities [30]. At the time of diagnosis,ed from bilateral shoulder girdle pain. (A) Longitudinal scan of
ltoid bursa effusion (*). (B) Transverse scan of the long head of
SC: subscapularis tendon; B: biceps long head.
Fig. 3 A 28-year-old woman with polyarteritis nodosa presented with pulsatile nodules on her left forearm. (A) Longitudinal scan
of the left radial artery showing four aneurysms (*). Aneurysm formation resulted from the dilatation of diseased arterial wall.
Power Doppler showing (B) the thickened arterial wall (arrow). (C) Transverse scan of the aneurysm (*) showing thrombus with
partial occlusion. The thrombus was heterogeneously hypoechoic and lacked Doppler signals.
Fig. 4 A 3-month-old male infant with acute-stage Kawasaki
disease. Precordial echocardiography showing a dilated LMCA
(diameter: 0.301 cm) and LAD (diameter: 0.208 cm). The
estimated coronary diameter in healthy infants when adjusted
for body surface area is 0.170 0.057 cm (mean SD) for
LMCA and 0.132 0.048 cm for LAD [40]. LAD: left anterior
descending coronary artery, LMCA: left main coronary artery,
SD: standard deviation.
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asymptomatic; usually these patients are incidentally
diagnosed by abnormal vascular findings on US [30].
US may reveal the typical features of arterial inflamma-
tion: concentric wall thickening and evidence of the homo-
geneously hypoechoic (brighter than that of temporal
arteritis) “macaroni sign” [31]. Takayasu’s arteritis has
a longer disease course, demonstrates less wall edema, and
demonstrates higher echogenicity in the wall than temporal
arteritis; these could be the only signs that differentiate the
two diseases [32,33]. The macaroni sign is an early sign of
Takayasu’s arteritis, even if arterial stenosis has not yet
occurred [32]. The ultrasonic assessment of Takayasu’s
arteritis should include examinations of the carotid arteries,
subclavian arteries, and common femoral arteries; an
intracranial Doppler study could also be valuable [34,35]. US
is superior to angiography for the detection of small carotid
artery lesions [36], although angiography can show the full
distribution of the diseased artery. However, these two
techniques have complementary roles in the assessment of
Takayasu’s arteritis [26]. US can also be used to monitor
disease progression and assess therapeutic responses.
Polyarteritis nodosa
Patients with polyarteritis nodosa (PAN) typically experi-
ence constitutional features such as fever, malaise, weight
loss, and diffuse aching along with polyarthritis, peripheral
Fig. 5 A 74-year-old woman with progressive systemic sclerosis developed gangrene on her left second and third toes. (A) Color
Doppler ultrasonography of the left dorsalis pedis artery showing acute occlusion with thrombi (arrow). The artery is hypoechoic
where the blood flow was disrupted. (B) Thromboangiitis obliterans (Buerger’s disease). A 45-year-old man who was a heavy smoker
suffered from bilateral fingers cyanosis, coldness, and pain. Color Doppler ultrasonography of the digital artery of the right second
finger showing stenosis and decreased blood flow. The chronically occluded artery was not visible.
76 K.-L. Lai et al.neuropathy, and various manifestations in the kidneys and
gut [37]. Up to 95% of these cases are associated with
hepatitis B virus infection [38].
PAN may result in the formation of abdominal aneu-
rysms. Angiography and magnetic resonance angiography
have been used to detect the latter. To the best of our
knowledge, no studies have documented or mentioned the
role of US for the diagnosis of PAN with abdominal aneu-
rysms, although a published case report does describe the
ultrasonic findings of testicular artery wall swelling in PAN
that was complicated by testis necrosis [39]. We also have
experience treating radial artery aneurysm in association
with PAN (Fig. 3).
Kawasaki disease
Kawasaki disease (KD) is an acute vasculitic disorder that
mainly occurs in childhood. The clinical manifestations
include fever, rash, digital desquamation, conjunctivitis,
oral mucositis, and neck lymphadenopathy. The coronary
arteries are dilated during the acute stage of KD (Fig. 4)
[40]. According to the criteria of the Japanese Ministry of
Health and Welfare, an internal luminal diameter of the
coronary arteries that is > 3 mm in children at < 5 years of
age is considered abnormal [41]. About 25% of untreated KD
patients will develop coronary aneurysms. Most patients
with coronary aneurysm can be identified using precordial
echocardiography. The accuracy of precordial echocardi-
ography for the detection of coronary aneurysm is similar to
that of angiography [42].
Behcet’s disease
Behcet’s disease (BD) is a form of systemic vasculitis of
unknown cause that is characterized by recurrent oral and
genital ulcers along with chronic relapsing uveitis and
typical skin lesions (e.g., erythema nodosum, pseudofolli-
culitis, and a positive pathergy test) [43]. BD may demon-
strate musculoskeletal, neurologic, and gastrointestinal
involvement, and it may involve veins and arteries of all
sizes [44].Patients with BD may present with large-vessel vascu-
litis that usually involves the femoral and popliteal
arteries and deep vein thrombosis [45]. BD patients often
present with nonerosive mono- or oligoarthritis and
sometimes present with sacroiliitis and/or enthesitis.
About 60% of BD patients have knee pathologies, including
joint effusion, synovial hypertrophy, synovitis, and bone
erosions, that can be detectable by US [46]. In addition,
the quadriceps tendon and Achilles tendon are usually
thickened in BD, which results from chronic tendon
inflammation and is associated with a positive pathergy
test [47].Large-vessel involvement in small-vessel
vasculitides
Granulomatosis with polyangiitis (Wegener’s gran-
ulomatosis) sometimes involves the large vessels such as
the temporal, carotid, and finger arteries. The ultrasonic
findings of the involved temporal and carotid arteries are
the same as those seen in giant cell arteritis [48e50].
US findings of the finger arteries may be valuable for the
differentiation between primary and secondary forms of
Raynaud’s phenomenon. The examined hands should be
soaked in warm water before the examination. In primary
Raynaud’s syndrome, the flow velocity in the finger arteries
should be normal, while in progressive systemic sclerosis,
antiphospholipid syndrome, and thromboangiitis obliterans
the finger arteries could be severely stenotic or occluded
with a poor or absent Doppler signal (Fig. 5). The finger
arteries may show acute occlusion, as evidenced by
a hypoechoic vessel wall and the absence of a flow signal,
as is the case in acute vasculitis [51].Conclusion
US is a valuable tool for the evaluation of vasculitis. When
imaging large-vessel vasculitides, US shows the diagnostic
imaging signs of edematous arterial wall swelling and lumen
stenosis or occlusion. US can detect early vasculitis and can
Ultrasonography of Large-Vessel Vasculitides 77be not only used for monitoring the progression of this
disease but also for the assessment of therapeutic
responses.
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